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SUMMARY

A measure has been devised for compa.zing the effectiv'eness of fighters in
the approach phase of a fightsr bomber encounters Ths approach phase is de-
fined as the portlion of the flight bet_ween the instant of detection of the
bﬁmber by the fighter and the instant that the fighter begins firing. .If the
relative fire control and fire power between fighter and bomber is the same as
@ | between fighters aml bombers of Workdfar II; 1¢ the tactics between fighters
and bombers are the smme as Wordd“Wak IT; and 1f the relative braining of the

crews is the same, then the effectiveness as deteryined in thls report may be

canpared with the sffectiveness, in tems of relative eombé.t losseg{a/of Fordd~
: L WW v
i X II fighters against Wewld-¥ar IT boubers.

' The *effectivensss measure'/:r a fighter of the German FWL90 type against
Az o4
a 8"3.7 flying at 200 meds at 23,000 feet was dstermined. This constitutes the
bass of comparison and was assigned an *e?fectiveness meast,xre(u 61‘ unity, )

e e AL severded
The follewlng six(glmrta /rrgmri:“thrcu'glr6,2 ahdi’:xhe '%ffectivaness
7 e . . .
measure'/of six presently operational or prototype aireraft (PS1l-H, FLU=5,
.| APBO-A, XF2-H, FB6=A and XP7-U) when compared to the World 7ar II base.

Effectiveness measurss versus bomber speed for several altitudes are plotted. |.
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. INTRODUCTION - .

Mlitary attack aircraft are eontinu&;usly striving to improve their in-
vulnerability to defensive type aircraft and to ground fire. Eventually, they
will have to defend themselves against guided missiles too,but as yet,no effec-
tive surface-to-air or air-fo-air guided missiles are known to exists One
effective means for the attack airplanes to defend themselves is to stay out

of harm's reach,’ For this resson the emphasis in bomber design has bsen

iy

towvards preater speed and operational altitude, .Both factors contribute to
the difficulties of designing and building defensive fighter aireraft, but
they do not preclude defensive aircraft.

The part that higher bombar speed plays in reducing flghter effectiveness
‘is almost seif-evident but it is worth while to list the more important effects
'Xliglxer bomber spead, assmning other factors being equal,
(a) Reduces the sarly warning time.
-(b) That in turn,requires higher rates of climb in an interceptor. In
‘ case of Alrborne Patrol aireraft, time to get into position for an
approach to attack is reduced, thereby requiring more accurate ground
control; or better equipment to increase the search and detection
range; or compuiing and contfol’ equipment to‘choose and fly the opti-
i mun spproach pat&x,: on' some combination of these elements,
{c) For a given distance spart at the start of a tall chase, the penetra-
tion distance of the attacking plans is larger. This comes sbout
from the inabllity, for practical reasons, to maintain the smme. speed

X
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ratio between fighter and Bomber as existed, for example,during VWorld
War II. ’

(d) In case of a frontal attack of the fighter on the bomber, higher
bomber speed decreases the closing time between them for any ixiitial
distance apart. The region from which the fighter can begin an ap-
proach run to arrive sufficiently close to open 1ire is severb;;q'm—
stricted. Great stress is placed upon armament and its supporting
equipmente For example, a very hiph rate of fire is required for
guns in order to achieve a given probability of a hit because of the
short time available for firing. For gingle shot weapons the stress
is placed on the directing and computing equipment. Both visual and
radar detection pivbab;uty is also decreased because of reduced time,

The reduction of vulnerability to fipghter attack as a consequence of the
borber operating at higher altitude 1s less apparent to a superficial examina-
tione Generally, the maximum altitude at which an airplane can fly 1s limited
by either the thrust available to overcome air resistance or the 1ifting capac-
ity of the wings vhich support the airplane, If the discuseion is confined to
engines which require air from outside the alrplane for the operation, then the
attainable altitudes for both of these limiting requirements are governed by

the saiw natural phenomens, l.e., the decrease of alr density with altitnde,

; ) .
The engine, of course, establishes the absolute maximm since. higher than

that, endugh thrust to fly would not be available even though the wings could
support the airplane at some gpeed. Since the dimensions of a given engine
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are fixed and the power output of the emgines, hence the thrust,; depends on the
quantity of air flowing through them, then it is apparent that when the density
of the air is decreased the weight of ai'r through the engine per wmit time will
be reduced and consequently the thrust. Figure 7 shows the variation of o,

the ratlo of density of air at any altitude to the density at sea levely with
altitude, Note, for example, that at_h0,000 feet altitude, o= is o2L4LT; 1.4,
the demsity is only 1/L as much as at sea level. Hence, appm:d.mt«eiy 1/h as

much thrust as at sea level would be available, The outside air temperature
also decreases with altitude, This tends to increase the thrust but the effect

. . !
is small compared to the alr denslty effect.

r

The lifting capacity of an alrplane wing is a dominant factor in the
-maneuverability of the alreraft. For lsvel flighit, obviously, the wing must
suppert the weight of tfhe aireraft; 1.0, ]iftipg capacity required equals
welght of airplans. Vhen making a horizontal turn, the alrplane wing must

support not only the dead weight of the

‘airplane but must also furnish the  Lifting cdpacity of wing
reacting force to the centrifugal force. 99‘”
(See Sketch A). The resulting lifting % Centifugal

capacity of the wing must bs some nun;ber, Force

n , times the lifting capacity required

of the wing in level flight.
: A Weight

SKETCH A
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The relationship between lifting capacity and other quantities is given

by

. ¢, SN%o~
Lifting capaci E QW B e
g capacily 7391
in which n = load factor or the lifting capacity

divided by the weight.
W = weight of aircraft, lbs.
S = area of thé wings, 8q. ft.
and V = speed of aircraft,(\/)
C; = Lift coefficient.

O~ = ratio of ambient alr density at altitude
to ambient air denslty at sea level

It i5 seen that at a given altitude the lifting cepacity, nW, can be inereased

either by increasing Cp or the speed.
¢

' Every wing has pecullaxr 1ift.ing' characteristics which are dependent upon
its geometry and speed of flight. ﬁ@ms 8 and 9 show the variation of the |.

- maximm valus of cI‘max with speed for several alrplanes, The sharp, braalc ot;
Gwa at a Mach mumber of about .6 for World Var II aircra.t‘t and M ® |7 for
posmr Jetb ammmrt is evident, As- the speed of airplanes increase; bey?nd
thet;é ape.éds, the 1ifting capacitj of the wings will be decreased because the
reduction in ch more-than offsota the increase in 1ift due to speed. It
follows, them, that the minizm turning radius will be increased. This situa~

tion prevails up to approximately M # 1.0.
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In actual maneuvers, an airblane is not likely to be flovm in the attitude
viiich provides the maximua valuc of G (Tizs. 5 and 9). The airslane would bLe
at o near the stall and would reguire too mich of the »ilot's attontlion to [y
it. Any niscue qiht result in uncontrollad Zlisht. Also, most 1 rnlanes are
subject to varyln; degrees of »uffetin~ or shaliing vhen flyin-s near the stall,
whether in low speed range or in biish sweed range and hence make poor zun

platiorms. Some sacrifice in maximum attainable C;, must Le made in order to

have pood control of the aircraft and have a satisfactorily stable nplatfoim.
There is no method for establishing exact valucs of maximum usable "‘L
vhich vill provide accentable mancuverins; "Lyine qualities. After considering

a number of relevant factors the percentages of maximum C 1 sihiovm in Table I

¥l
.

vere chosen as maximum usable values of C, for the airplanes analyzed in this
wd

reoort. Using the values of CI in IMigs. 8 and 9, tosether vwith the fac-
max

tors in Table I, the turning characteristics as limited by the liftin: capacity
of the wings of severzl airplanes haye been computed and are shovm on the over-
lays, Figures 12 through 21. These overlays have been enclosed in the envelope
attachod to the inside bacl cover. In onder to read the actual values of

radius and speed, it is necessary to superimpose the transparent overlays, with

due rerard to the control corners, on any one of the Fipures 22 through 3.

On Figures 18 through 20, the twurning radius of the XF7U as limlited by

available engine power are also plotted. In ceneral, the radius of turn as
\

limited by power will be proportionately siiilar for the other alrcraft dis-
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TABLE I
HAXIL':IUM USABLE LIFT COEFFICIENTS

ATRPLANE ) USABLE
TYPE _ MACH RANGE , Cy,
PS1-1 : 0 to 675 , 803 chm
above 675 90% C,
“nax
0 to +65 80Z ¢
FiU-5 0% Lo
above .65 90% Oy
2 0 to »725 80% ¢
XF2H 7 ’ 0/ 4 Loax
v above ,725 : 90% (:Im’c
YP8O-A 0 to .7 804 cLmx
above .7 90% Cme
N 3
FB6-A 0 to o75% 80% Cr e
above .7_5** 90% Clmx
XF7U , complete range 85% Cl\max

s+ Slats open ourve
s+ Buffet boundary curve

L S e e
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cussed in this renort.

Moures 22 throurh 34 are vlots of the maximun constant furnin:s radii

-

that are peritted to an air intercentor i it is desired to awnrcach s

strail ht flyin - target without a tail chzses (0% -ures 35 throuzh 33 are nre-

sentations o this same information ‘n 2 nmore -eneralized form.) Cther con~
ditions imposcd arc that the Miohter starts the turn at the particular initial
distance apart, fys o4 constant speed, reaches a noint in space a specified
angle and distance off from the target and at that voint has the »roper heading
to iree

the projectile fron the [ishiter is required to travel 500 yards. The

raaii arce nlotted a-ainst Lchter speeds  Tn rost cases two scts of curves are
shotm, onc set bein; for an initial distance anart of 3 nautical nmiles and the
other set Jov an initial distance apart of 6 naunticul miles. For cach initial
di stance cohart several curves are nlotbed for different target speeds. A

schenatic diagram on cachi chart siows thie initial relative headinzs of the two
aireraft considered on that chart, here fhe relative headings are such that

the maxinum perinissihle radii arce larze, then only the condition of 3 nautical

fles indtial distance apart is siovm.  As

arnroximation the radius roguired

may be assumed to var: linearly with initial distance arart.
«»

5L

The radil ol twrn cicvm on [ioures 22 tharoush 3L are for matiematically
xact naths and snceds.*  Since such nrecision is not yet atitainable

T T T m em mr e e s me e e e e e me em e e o em =

stSee Anpendix I for derivalions of equatlons uscd Lo commute data for

Fiares 22 throush 3C.

e
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ability)

For the sake of clarity, only the available radius of turn of

either by instruments or human judgment, a satisfactory margin of performance
¢ ;

must be determined. By superimposing the overlays {[igures 12 througch 21) on

Figures 22 through 3L, it can be determined whether the airplane could just

make any of the specified approaches or whether it has any"margin of maneuver-

Sketch B reprodiices the result of superimposing Figure 12 on Figure 23.

Mgure 12) and the, required turn radius against a 150 kmot target (from
Figure 23 (extrapolated)) at an initial distance apart of 3 nsutical miles are
shovm, The maximum level flight speed of the FLU-5 is shomn by the vertical

the FLU=5 (Lfrom

line,.

o

3203 105 I~

. .

:g :

g 1:0 [~

£

T S

§ .

‘ 1 L i

100 200 300 400
Fighter Speed-Knots
SKETCH B
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Supposing now that the FLU-5 is assumed to be flying at its maximm speed
at about 15,500 feet altitude, At some instant, a target appears flying in
the opposite dirsction at 150 knots at 15,000 feet altitude. At the time of
detection, the target Iis exactly 3 nautical miles away from the FLU~5 and at
such distance to one side of it that if the FLU=5 instantaneously started a
‘t;um with the radius and speed shomn by point A on Sketch B it would reach a
point in épace from vhich 1t could fire instantaneously Tl’.}th the proper lead.
The distance travele§ by the projectile wuld be 500 yards. It will be noted
that at the conditions of polnt A the FLU-5 must pull sbout i;ghs, The height
advantage of 500 feet is estimated,by calculation,to glve him the necessary
addi tional force (gravity component) to malntain his speed and radius of turn
at the constant values specified by point A. The path flowm is showm on

Figure 10 and marked A.

If the pilot should prefer to make the iightest furn that is possible,
then he could bank and pitch the FhU;S {0 such an attitude that it would have
the speed and radius combination of point § of Sketch B. He could not, how-
‘ever, from an initial altitude of 15,500 feet, maintgin the speed at point E
and would slow down to some speed that might be indicated by point D on the
sketch, depending on the angle throngh which he turned and the power needed to
maintain a steady tume 'In the case of the FuU-5, it is estimated that to
turn through 160° would slow the aircraft down from 372 knots to 320 kmots. No
altitude need be lost. The airplane ﬁould successively assume the radii and
speed combinations between poinits E and De The path prescribed by this

CONFIDENTIAL
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e
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naneuver in anvroachin:: the target is shom on Jiure 10 and narked =. It
possible to slav down cven further without losings altitude, say to neint

the radius of turn is now becomin: larger.

It becones apparent now that the airplanc could ascume any covination of

soeed and radiuc ol tum that is contained in the area A © 0 0 K, 0f course,
the airnlane could also fly any combination of speed and radius above line

A 7 C but that would violate the initial conditions of tho problem as shovm in
the dlacra. of iiszure 23, allowing greater nenstration of the tarcet for any
riven speed. On the ot.hez; hand only the combinations of speed and radii of
line A . C are necded to just mect the cometry of the diagrame Vith each
corbination of speed and radius on line A 3 ¢ there are only two noints (one on
cach sgide of the target flisht path) on thc 3 nautical mile detection perimecter

e

vhere the Tipgnter must be in order to fly the nreseribed vath. 1L a i hter
airplane available radius of twn lics below line A ™ O, then it can be trans-
lated as having the ability te rcach the noint of fire from an arc, rather than
Just one noint, of the 3 nantical mile perimetor as is indicated in ®i~ure 10,
or the ability to vary the path from a given »oint, for example, path V o,’.“ the
sane fi-ure; therefore, the size of the re;ion (area A 2 ') D ¥ of Sketch ‘;'\) he-
tween the available radius of bturn of a fighler and the romired radius ol a
“iven linematic prollen is a measure of the Yexcess maneuverability™ that the

fizhter has. e can emnloy the "excess maneuveranility” to malic corrections

for initial vositionin:; or orientation errors or errors in jud-ment of djirec-

tion and speed of target after he has beun the arsroachs
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The question now arises,"Just how much excess maneuverability provides a
e

satisfactory margin¥ ,

Enewy aircraft in Woz:ld Var IIA, when attacking our unescorted bombers in
large nmbers, were highly successful. For example, in the Schweinfurt raid of
1l October 1943, about 230 bombers took part. Oppesition fighter aircraft par—
ticipating in combat were about 290, or a ratio of 1.25 fighters to one bomber.
Bomber losses in that raid wers 26% or 60 aircraft of which 1/3 or 20 may be
agsumed dus to flak or other causes and the remainder 40 or 17.4% of attacking
bombers due to enemy aircraft. Again, on January 11, 19lh, 555 boribers tool.
part in an attack and were opposed by LOO enemy fighters. A total of 60
bombers were lost, presumably about L0 due to enamy fighters. Here, the ratio
of fighters to bombers was .72 and the bomber logses 7%.. Figure 1l is a plot
of the data on only L missions and is included for general interest only.

The ﬁghters were not all committed at one time againgt the total number
of bomberse The Germans developad .tactics _of gonceﬁtrau:ng as many as Sor
‘more fighter aireraft attacking from a number of directions against a single
bombers It may be argued then, that German fighters had the capabillity of
approaching within firing range of the bombers from several directions.
Therefore, an examination of the margin of Yexcess maneuverabi]ityeof the
German fighters against the D17s.would give sn "effeciiveness measurgh wl:xich
would be related to World War IT bamber losses., By means of the overlays and
charts the excess maneuverability or effactiveness of present day fighters
against varying speed targets can be determined and compared with the effec-
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tlveness of German fighters against U. S. Bombers of vorld Var II. Assuming
that all other factors between fighters and bombers {armament, fire contrel,
orew competence, etc,) are relatively the same as they were in Vorld War II,

then the losses would be proportional to the effectiveness measuress

~For the determination of the World War II effectiveness measure, the
German fighter, the MY190, was congiderad 4o be representative. The U. Se
B17G cruising at 200 knots at 23,000 feet was used as ampresentative target.

Sufficient informatlon on the FWISO0 was not available to make a detailed
apalysise. llowever, from a performance standpoinit, the FiU-5 is sufﬁcientiy
"~ gimilar 4o the IW190 to permit the use of lts spplicable characteristics to
‘compute the effectiveness base. A comparison of some of the more applicable
performance characteristics of the FW190 and FLU-5 are shomn below:

. ' W90 Flu=5
Combat Wing Loading 46.7 lbs/sq £ 41,5 1bs/sq £t
Goubat, Speed @ 150001 _ 372 kts 370 kts
Conbat Speed @ 32000° 395 xts 398 kts
Service Cei]ingf 10001 1430001

. -
Excopt for wing loading, which is an iwportant parameter, the performance

characteristics are qwlte gimilar, Accordingly, tho FLU-5 was used to repre-
gent German fighter capability.

" The next problex;x which' arises 1s to determine which of the Figures g’g
through 34 need bs used and what weight to assign to edche

CONFIDENTIAL
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From an Operations Analysis Report of the Eight Air Force (C5-5521, AF),

?
the following data on direction of attack was obtained:

TABLE II
Period Period - Period Average of
Jul. Aug. Jan. Feb. Apro May all Periods
Direction of Attack Septe. 1943 Mar. 19LL4 194k
of To ’
From Nose (11, 12 & 1 otfclock) 26.7 30.1 6 32.5
From Beam (2, 3, 4 & 8, 9, 10
o'clock) 31 27.6 22.6 27.6
Fron Tail (5, 6 & 7 0'0100]() ) ll203 h203 32.8 39.9

In this analysis, to represent nose attacks the average of the effectiveness
values of Fipgures 32 and 3L were used; for beam attacks the average of effec-
tiveness values of Figures 29 and 31 were used; and for taill attacks the effec~
tiveness value of Figure 25 was used. Each of the average values is then mul-
tiplisd by the proper average percentapge that attacks occurred from that direc-
tion as shomn in Table IT. Adding the resulﬁnt values from the thmé direc~ .

tions gives the effectiveness number.

The discussion to this point has assumed a single shot type weapon wﬁich
is fired on a ¢ollision path at 500 yards from the target, for example, a salvo
of 2 3/L inch rockets, It is possible, however, to fly a minimm radius tum
(radii and speed combinations along line E D C of Sketch B) which becomes

tangent to a pursuit path at the maximum acceleration point of the pursuit

- e s e e e
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path and to follow the path from that point into the target. This situation
holds provided the ratio of speed of fighter to bomber is less than 2¥. Path
P of Fipure 10 illustrates the resulting flight path.

In order to give an indication of how close to a target a fighter can
approach, follow a pursult path from there in and yet not exceed some maximm
permissible acceleration, Figures 39 through L3 have been prepared#¥. They
show the combinations of (s, distances and angles off the stem at which they
ocour foir various bomber fighter speed combinations, For example, let a

fighter speed be 4,75 knots and a bowber speed be 250 knots. The speed ratio,

_ L18
€= %

The value of fighter spsed, v,times bomber speed, V,is

= 1,9,

. w = L75 x 250 = 119 x 0%,
Now suppose that a glven fightef may not excoed 2G, then entering Figure.l3 at

2G and moving across to vV = .119 x 20.06 the maximm distance, r,, from vhich a

pursuit path may be followed is 600 yards. The maximum allowable angle off,

a1
Dcc, s:
X

# For mpeed ratlos equal to or greater than 2, maximmm acceleration is not
obtalned until the point of interception i3 reached.

#% See Appendix I1 for equations used in preparation of these figures.
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to other than the critical azimuth angles, they may be useful in other cases
as well. For an alrcraft beginning a non-lead pursuit path at any given speed
ratio, £ , rangs, r, and azimuth angle, X', it may be stated that (1) if X
is less than (X, then the acceleration required during the remainder of the
pursuit path will be less than that read from the graphs at r, ® r and (2)
if X is greater than & ¢» then the acceleration required at some point (or

points) will exceed that read from the graphs at 'r, = r,
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AFPEIDIX I
The followin; nomenclaturc, alons with those symbols shown on Sketches C,
D, and 7 applics to Fipures 22 throush 38. These firures, which dve Lhe
radii of turn required of fizhters to meet the illustrated maneuverin; prob-
lems, are based on corputationsg vhiich required utilization ol the equations
derived on the following pages:
! ¢ = distance {fi-~hter travels before rcleasing.; rocket projectile

dy = distance bomber travels durin;: time "t

[a N
it

initial distance between Lomber and fighter

—
=)
1

Jdistance rocket projectile travels
po® VF/ VR
q = VF / V,3

R = padius of fichter turn

+ = tine lapse betireon bepinning of turn and moment ol rocked
projectile contact writh bomber

Vp = bomber velocity

V., = fi~hter velocity

rocket velocity (assumed to be 1500 lmots)

R

an;le throuzh which fijhter turms »rior to releasinz rocket
orojectile

6 = angle between injtial fighter path direction and the bomber's path

anzle belween the rociket path and thes lLomber path

©
n

The first ;:youp of equations apnly to all variations of 6 and ¢ .
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: - B e V — 4 "‘ Ly KT
TG | =R = (gds-pk)
Referring %o SketohC., Whers 0%=& < 90° and &+ <100°%

& =90°~8
- X-E=90-¢;
. & = /8 -G -tb
SIBF =05 @
SN = 008
COS @ Sj4
LOS(IN~E ) = K72 95

.

q&, R AR S COS &3 - I SUBRC G E A VIR A B
- Q@ CoS¥ +R(SIn-Sing) + Kosd
#o= R[S s +Sin(aB)]+ A siv ,
T RUCOS & +COS &) + A S/mp

Sin a'=a{l

.
. A
[4

e fTET
cos &= 1~ (3]

oSy 7 -LR(COS 8 #2035 @) + A s B1F
ar®

{

d *1/7’ ~R{Cas 8+ C0S B)+ K st &% +RGIng +8/719)
+ Keos ¢ |

ALX == q{ /4-2{7?(@03 6 + cbs ¢ ) +R 8 25]5 +RSENG -5154)
» rKcosgf —pK
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0°6£90°
6 +¢ </80°

BOMBER PATH, dy
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o e S e me

R(x—q sine+ qsm g)-ghcosg + pK

s eor

= m/a; \-—[R(cos 8+C0S ¢S)+/mm 87°

R -gsine +g sin g)F - 2R cas &(a-qmw. A
$ ER A (g Sin &g S0 ) + 02K cosp
—quk"wsﬁ t LA = G A - R s e

P

(RIS <’¢ / o G (G D OF T LD \J") AR R :‘"Y-'
2 '
- q’ !\ \ j r .y'

Expressed in the easily solvable simplified quadratic form :

r ] L
(’\"t/S‘”t’“’fuf‘ N ,' C/ ""~"~r‘f"ru?ffj7/1"

[ZK{(p QCOSENX - S/nG +G $14 &)
+ q'-’(m.s 6-+L0S5 ¢ ) Sin f;?f};;: K
bR P ALk fcos ¢ - f’/'t’/g] =0
W e X fRP Rp  R EY

chinE D= e=G0° & o+¢=/80°

Referring to SketchD , where 90° "9 “:180" and9+¢ =180°:

&= 90°- B
d>5290~‘¢/ N

Y =80~ p-0!

Sii B =cos &'

SN -E)—ens @ .
oS B =3/’

oSy w5 G
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90°« 0% /80°
6 +@ = /80°
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BOMBER PATH
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page:

, LDENTIAL
h=RInp + 3/;*7&:(3533 + Ksin ﬁ:
=R(CIS &+ 0SB 1hSin & )
dg=7,CO8¥ + RlCostx-p) -cosp] -Kcos ¢
= QCOSY +R(SIP ~5ind) ~KCosd’

TV

s —

S/ g w/;,j J 208 X%‘i{d—}

coS & afjf%/i(cosew;mL.m W
a’

P e S A & b Sheaet AL o Ay oM a0m & e« e+ Jape—, e

Qi = O = [R(CoS e v crs 4 Ksmg
HR(SIN G -8 &) - K cos ¢

Ay ﬂq{“/d - [_A“’{f:l’)‘i: LB N T I A
YRISING ™ sin &'} ~ACos g;f«} - pa A
RA-Q IR P+ 7305 5) + qiCos ¢+ v

Y

R385 3 w0070 3242 ROKCOS B - rr ¢ f i )
SRPAE -1 51 5503800 &) +QEA Cos®P’
+ 2 A oS B A g A
~ O K008 84008 B)F - 201 o3 & +:05 ¢ JA S
SRR

This equation is given in the simplified quadratic form on the folloﬁing :

CONFIDENTIAL
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[(0( qsing'+ g sim &) +gicos &rcosp ) R
H2prgcos - qsind 1.5 ine)
oA 6034%'- Co3 @I »n/x‘
NPT K 2 pKcosg -]

O% /B0-6 : C P /s«()« P
SN &' $/n B S D= S ff
CO8 &= -20S & cax{ﬁ = - 008 &

X= SR~ g5 8 = & g =SB
Therefore: '
| {(cx-' g s P+ (C08 8+C08 ¢)2"] R
v [Z.’ A’{t}) ~LJCOSPNX- QSR B +GSHS)
s =gt ;- C08 B S %J;t“
+ [c,v/fu,o A""—dqp/: osg-gdl 0
Wi/L/ HES AN = }@ -/ N \’( AR S e // "f?‘-;';?':'\'.'/;“}"‘,")
and 90'=e=/80° ¢‘ o+ =/50" |

Referring to Sketch E, wheree - and ¢f = 180° and %he tighter nakes
two 90° turns (O( =77)
- O cos §-K-ER

\an&"‘go/ﬁ v oY Y= ‘1} i{‘fi |

s "éﬁétu;r?é K -2R N

CONPIDEFTIAL . ;
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1=

IDE

-

R +2) +K+ + ) -y
RE(G +2)* +2RA(G+E)1+8) +1"(1+ 82 = a4 R?

Expressed in a simplified quadratic forms
[(§re+]R* + [2h(8 )6+ 8)1#
R Cpe4 R g
[He - o

\"/flf’/"? Q"f W} O”Otl C}//‘f’) V LA _\)

¥NIZIAL

Lo
!“u! ]

o

Inspection of the equations derived above will reveal that “p" is of
little significance in the determination of "i* for the values of di’ K, a.nd'
Vp which havo been considered in this report. ven though ﬁﬁ:mres 35 through 38
are only exactly correct for p = 0.1, errors resulting from the use of these
figures vhen p ﬁﬁ.l will be inconsequential for practical values of ;“YF" :md-,
g, 4

-.-.-.-..---....
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Sketch £
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Reference(l)is the source for the several equations used tq compute the
data wpon which Figures 39 throughlj are based. These equations, which follow
immediately, refer to skeich F , and accompanylag nomenclature.

o = cos” &
fr = R(SIn a,_) F(/«wos o‘q:){E -

_ /+E€ . :
Mo &5 (1#E) 5 (1-§)2 |

SUBS7/ 7%/77,vg
i S (1 8) " H (-8 Z(S//)OQ) Y reas o) E

\%

Reference (I):;also contains equations which may be used to compute the time
required for a fighter following a pursult path to intercept its target, if

i | . Ehe initial range,  r, and azimth angle, C)( s are knom
SO =S
| (tan 9)"E
E4/
ot (tar %) an@)
. VTt E |
R o /-4 (1‘0/7?”5/ (Z‘On;f-’:")'f*’
MR ATCE 1 O e A A=Y

CONFIDENTIAL

NAV AER 18381 (7-47) . g 820385 ¥, 5. GOVIENMENT MRINTING OPWICE
.- .. Yo he '




Venge

BUREAU QF. AERCNAMOS

§
{1 NAVY Iepinriory -
} T Washington, Do I T
RESEARCH, DYVISION PAGE SO

- v

CONFIDENTIAL

SKEYCH F

4.
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g

NOMENCLATURE

true air speed of pursu'ed

true air speed of pursuer

v/V = speed ratio

azimuth ai‘ pursuer off purgued's tall

azimuth an;le at which n is a maximum

range between pursuer and pursued

range at vhich n is a maximm

range at which pursuer is headed at right anglép
to flight path of pursued. |

horizontal locad factor ~ G '

wing load factor - @

gravitational acceleration

time required for pursuer to intercept pursued

<

CONFID‘-NTIAL

| " v
] v =
|  E =
j
Y o =
y
. \
, \ &, =
{ r :
r'e =
i
‘ rT =
“'I =
? n =
l
| ¢ -
i t =
|
!
[
|
e e e e e e

.
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The preceding equations (and therefors Figures 39 through 43) are onb'
applicable o a nonelead pursuit paths ' '
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

FEB 19 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

(b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

‘ (c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

LEZORA U. NOBLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:

1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

CC:
HQ AFMC/HO (Dr. William Elliott)



DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

o)

i b
Ji“‘l“i U RV

MEMORANDUM FOR HQ AFMC/HO

FROM: HQ AFMC/PAX
SUBJECT:  Security and Policy Review, AFMC 02-005

1. The reports listed in your attached letter were submitted for security and policy review IAW
AFI 35-101, Chapter 15. They have been cleared for public release.

2. If you have any questions, please call me at 77828. Thanks.

‘
ES A. MORRE;W

ecurity and Policy Review
Office of Public Affairs

Attachment:
Your Ltr 14 January 2002



14 January 2002

MEMORANDUM FOR: HQ AFMC/PAX

Attn: Jim Morrow

FROM: HQ AFMC/HO

SUBJECT: Releasability Reviews

1. Please conduct public releasability reviews for the following attached Defense
Technical Information Center (DTIC) reports:

a.

Flight Test Program for Model P-86 Airplane Class — Jet Propelled Fighter, 2
December 1946; DTIC No. AD-B804 069.

Physiological Recognition of Strain in Flying Personnel: FEosinopenia in F-86
Combat Operations, September 1953; DTIC No. AD- 020 375.

Phase 1V Performance Test of the F-86F-40 Airplane Equipped with 6x3-inch
Leading Edge Slats and 12-inch Extensions on the Wing Tips, May 1956, DTIC
No. AD- 096 084.

F-86F Thrust Augmentation Evaluation, March 1957; DTIC No. AD- 118 703.

F-86E Thrust Augmentation Evaluation, Appendix IV, March 1957, DTIC No.
AD- 118 707.

A Means of Comparing Fighter Effectiveness in the Approach Phase, October
1949; DTIC No. AD- 223 596.

War Emergency Thrust Augmentation for the J47 Engine in the F-86 Aircraft,
August 1955; DTIC No. AD- 095 757.

Operational Suitability Test of the F-86F Airplane, 4 May 1953; DTIC No. AD-
017 568.

Estimated Aerodynamic Characteristics for Design of the F-86E Airplane, 26
December 1950; DTIC No. AD- 069 271.

Combat Suitability Test of F-86F-2 Aircraft with T-160 Guns, August 1953; DTIC
No. AD- 019 725.



«©

2. These attachments have been requested by Dr. Kenneth P. Werrell, a private
researcher.

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

OHN D. WEBER
Command Historian

10 Attachments:

DTIC No. AD-B804 069
DTIC No. AD- 020 375
DTIC No. AD- 096 084
DTIC No. AD- 118 703
DTIC No. AD- 118 707
DTIC No. AD- 223 596
DTIC No. AD- 095 757
DTIC No. AD-017 568
DTIC No. AD- 069 271
DTIC No. AD- 019 725
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